Two new angucyclines, saccharothrixmicines A (2) and B (3), together with three known diketopiperazines 4-6 were isolated from the actinomycete Saccharothrix espanaensis An 113 associated with the marine mollusk Anadara broughtoni. Their structures were determined by HRESI-MS and 1D and 2D NMR. Compounds 2 and 3 differ in aglycone and glycosidic bond type. 2 is an α-L-6-deoxyaltrose-phenylglycoside of a benz[a]anthraquinone aglycone, while 3 is an O-glycoside of the same sugar linked to C-7 of the known angucyclinone (1). A saccharothrixmicine-containing fraction exhibited activity towards Candida albicans and Xanthomonas sp. pv. badrii whereas the diketopiperazines showed antibiotic activities against Vibrio alginolyticus and Vibrio parahaemolyticus.
Angucyclines are a family of antibiotics with a broad range of biological activities [1-3a] . These secondary metabolites consist of an angular tetracyclic benz [a] anthracene core connected to sugar moieties as either C-or O-glycosides [2,3a] . The angucyclines differ from each other by the structures of the aglycones (angucyclinones) and the sugar moieties. These include deoxy sugars like D-olivose, L-rhodinose, D-rhodinose [3b,3c] , L-aculose and L-cinerulose A or B [2] In a previous paper [4] , three new angucyclinones, saccharothrixins A, B and C together with five known analogues were found in the culture broth of the actinomycete Saccharothrix espanaensis An 113 associated with the marine mollusk Anadara broughtoni. Further purification of the most polar fraction of the ethyl acetate extract of the culture broth by silica gel column chromatography and reversedphase HPLC afforded the compounds 2-6. The ultraviolet absorption spectrum of 3 in methanol exhibited maxima at 248 and 282 nm, which is nearly identical with that of 1 [4] , indicating the presence of the same chromophore. The molecular formula of 3 is C 26 H 34 O 9 based on the HRESI-MS: m/z 513.2086 [M+Na] + ; 525.1890 [M+Cl] -; 489.2145 [M-H] -. Analysis of the 1 H and 13 C NMR, including DEPT and HSQC, indicated 26 carbon signals, which could be attributed to one carbonyl carbon, six aromatic carbons (including three methine and three quaternary carbons, one methoxylated), eight other oxygen-bearing carbons (including one methyl, six methine and one quaternary carbon), two methyl, four methylene, two aliphatic methine, two quaternary alkene and one anomeric carbon atom.
The NMR data of 3 (Table 1) were similar to those of 1 and X-14881 A [4, 5] , except for additional signals of a 6-deoxysugar, with one anomeric proton, four oxymethine protons and methyl protons observed in 1 H NMR and 1.94, J = 13.0, 16.5 Hz) as well as ROESY cross peaks between H-2α,β/H-13 and H-4a,b/H-13 indicated that the methyl group C-13 was pseudoequatorial (α). The ROESY correlations of H-11/H-12, H-12/6a-OH, 12-OH/H-12a, and H-12a/H-7 and H-6α established the relative configuration of the aglycone of 3 as identical to that of 1 [4, 5] (Figure 1 ).
The sugar moiety and its relative configuration were identified by detailed analysis of 1D and 2D NMR spectra including ROESY, together with data comparison with known 6-deoxyhexoses. A transdiaxial relationship between H-4' (C 5 D 5 N, 9.1 Hz) and H-5' allowed both the C-4' hydroxyl and C-6' methyl groups to be assigned in equatorial positions. The ROESY cross peaks between H-3' and H-1' (1C conformation), H-4' and 2'-OH positioned them on the same side of the sugar ring. The strong ROESY correlations of 3'-OH/H-2', 4 showed that the substituents were placed on the other side of the The UV-maxima of compound 2 at 263 and 361 nm indicated it belongs to the benz [a] (Table 1) . HSQC, HMBC and COSY experiments suggested a 1,2,3-trisubstituted benzene and two partial structures as follows: -CH=CH-and -CH 2 -CH(CH 3 )-CH(OH). The HMBC correlations of H-11 with C-12 and C-7 and H-10 with C-7a and C-11a indicated a linkage between ring D and the quinone moiety. The C 2 -C 3 (C 13 )-C 4 (OH) and C 5 -C 6 portions were assigned by cross-peaks in the COSY spectrum. The position of the hydroxy group at C-4 was confirmed by HMBC correlations of the H-2 protons with C-1 and by a cross-peak between H-5 and H-4 (ROESY spectrum). The HMBC correlations of H-2 with C-1, C-3, C-4 and C-12b, and of H-5 with C-4, C-6a and C-12b and of H-6 with C-4a, C-7, C-12 and C-12a confirmed the connection of the benzene ring B with quinone moiety C and with the ring A. The ROESY correlations between H-13 and H-2α,β, between H-2α (δ H 2.59) and H-4 (δ H 4.43) and the large coupling constant (J H-4-H-3 =9.9 Hz) indicated that protons at C-2, C-3 and C-4 are quasi-axial, the methyl group is pseudoequatorial (α), and the methyl and hydroxyl substituents are in the trans relative configuration. The 1 H and 13 C NMR spectra of 2 were similar to those of rubiginone A 2 [7] whose absolute configuration has been established as 3R, 4S [8a] . In addition to the major spectral features of rubiginone A 2 the correlations observed in COSY indicated the presence of the additional spin system (C-1'-C-6') in 2, which is a typical feature for a 6-deoxysugar ( Table 1) .
The most intense fragment ion in HRESI MS (-) at m/z 321.0884 can be explained by the loss of a deoxysugar residue from the [M-H] -peak, thus rubiginone A 2 is the aglycone of saccharothrixmicin A. An HMBC correlation (δ H 5.72/δ C 155.3) between H-1' and C-8 located the site of the deoxysugar residue and was confirmed by a strong ROESY cross-peak between H-9 and H-1'. The coupling constant of 10.5 Hz between H-4' and H-5' indicated a diaxial relationship between these two protons. The trans C-4/C-5 configuration is possible for the four 6-deoxysugars: quinovose, rhamnose, 6-deoxyallose and 6-deoxyaltrose. Figure 1 . It should be noted that phenyl glycosides are rare among angucycline antibiotics and a 6-deoxyaltrosyl residue was found for the first time. The saccharothrixmicines-containing fraction exhibited a moderate inhibitory activity towards Candida albicans and Xanthomonas sp. pv. badrii but not against B. subtilis, E. faecium, S. aureus.
Final purification of the more polar metabolites of the EtOAc extract of the culture broth led to three compounds 4-6 with antibiotic activities. The diketopiperazine (DKP) ring system was evident from the characteristic 13 C NMR chemical shifts of two CONH (δ C 165-171) and two α-methines (δc 52-57), from the 1 H NMR signals of the amino acids residues and from the HMBC. 4-Hydroxyproline (Hyp) was found in all DKPs isolated from Saccharothrix espanaensis An 113 on the basis of two methylene signals (δ H 1.8-3.4) and an oxymethine multiplet (δ H 4.1-4.3) in the 1 H NMR spectrum and signals of C-4 (δc 66.5-67.1) in the 13 C NMR spectrum (experimental data). From the NMR chemical shifts, HMBC and 1 H-1 H COSY correlations, leucine, leucine and phenylalanine were identified as the second amino acid residue in 4-6, respectively. NOE experiments determined that the relative configuration of H-4 and H-6 in 4 and 5 was trans whereas in 6 it was cis. The spectroscopic and optical rotation data for 4, 5 and 6 were in agreement with that previously reported [8b-8d] for cyclo-(D-leucyl-trans-4-hydroxy-L-proline), cyclo-(L-leucyl-trans-4-hydroxy-L-proline), and cyclo-(Lphenylalanyl-cis-4-hydroxy-D-proline), respectively. reported that DD-DKPs from marine bacteria associated with the mollusk Pecten maximus had strong antibiotic activity against the pathogen Vibrio anguillarum, whereas the LL-enantiomers were completely inactive [9f] so at least one D-amino acid in the diketopiperazine system is required for activity. In the present study DKPs 4-6, containing both DL-amino acids and LL-amino acids, showed significant inhibitory activity against Vibrio alginolyticus and only modest activity against Vibrio parahaemolyticus (Table 2 ).
To our knowledge this is the first report of DKPs production for the genus Saccharothrix. Antimicrobial metabolites, angucyclinones, angucyclines, and DKPs produced by marine mollusk-associated actinobacterium Saccharothrix espanaensis may protect organism-host from colonization by opportunistic microorganisms.
Experimental
Instruments used for the measurements of melting points, optical rotations, IR, UV, NMR, EIMS and HRESIMS have been reported in an earlier publication [4] . HPLC analysis was conducted with an Agilent 1100 Series instrument (USA) on a Discovery C18 column (10 x 250 mm, 5 μm, Supelco). The system was operated at a flow rate of 2.0 mL/min with solvents A/B (methanol-water, gradient), detection by UV absorption at 226 nm. Silica gel plates, 4.5 x 6.0 cm (5-17 µm, Sorbfil, Russia) were used for thin layer chromatography in CHCl 3 -EtOH (8:1, system 1) and CHCl 3 -EtOH (6:1, system 2). Substances were visualized by spraying chromatograms with 10% ethanolic H 2 SO 4 followed by heating at 120°C.
Isolation procedure, identification and cultivation conditions of strain Saccharothrix espanaensis An 113 (=KMM 3885) have been described elsewhere [4,10e] .
Extraction and isolation:
The culture broth (3 L) was filtered and twice extracted with an equal volume of EtOAc. The combined organic layers were conc. to dryness in vacuo, resuspended in 10 mL MeOH and refrigerated. The precipitated crystals were crystallized twice from methanol to yield 1 (70 mg). The supernatant was evaporated, the residue (700 mg) applied to a silica gel column, and eluted with n-hexane-EtOAc (8:1, 6:1, 3:1, 1:1) and EtOAc [4] . The active EtOAc fraction, containing compounds with lower R f values (systems 1 and 2), was evaporated to dryness and the residue (78 mg) chromatographed on a column of silica gel, eluting initially with dichloromethane-EtOAc 1:1, 1:2, followed by EtOAc and later with EtOAc-MeOH 95:5, 9:1, 8:2. The EtOAc fraction (I) and EtOAc-MeOH 95:5, 9:1 fractions (II) were subjected to semi-preparative reversed-phase HPLC chromatography. The mobile phase was a mixture of MeOH (A) and H 2 O (B). The gradient for the fraction I (A/B) was maintained at 55% in the first 18 min, then from 55 to 70% in 10 min, and maintained at 70% from 28 to 38 min. Rechromatography by reversed-phase HPLC in 50% A/B to yield 2.3 mg of 2 and 5.3 mg of 3 with t R 12.5 and 17.5 min, respectively. The gradient for the fraction II (A/B) was maintained at 34% in the first 25 min, then from 34 to 50% in 10 min, and maintained at 50% from 35 to 45 min. Rechromatography by reversed-phase HPLC in 34% A/B to yield 4.1, 6.2 and 3.1 mg of 4-6 with t R 12.6, 13.5 and 14.7 min, respectively. /LMG Bacteria Collection, Gent, Belgium). In the antimicrobial activity assay, an aliquot of 100 μL of compound (100 μg/100 μL, in 10% ethanol) was placed in the wells (9 mm in diameter) cut from the agar plates, which had been preliminarily inoculated with a suspension of an indicator culture (10 8 cell mL -1 J=3.6, 11.8 Hz, , 3.25 (1H, dd, 5.5, 11.8, H-3b), 4.23 (1H, m, H-4) , 2.02 (1H, m, H-5a), 2.25 (1H, ddd, 5.4, 8.8, 13 .0, H-5b), 4.21 (1H, m, H-6), 3.61 (1H, dt, 9.0, 5.4 , H-9), 1.42 (1H, ddd, 5.6, 8.3, 13.7, H-10a) , 1.55 (1H, ddd, 5.6, 9.5, 13.5, 1.68 (1H, m, 0.90 (3H, d, 6.6, 0.87 (3H, d, 6.6, 4.96 (1H, d, 3.8, 8.27 (1H, d, 4.6, NH) . 13 C NMR (125 MHz, DMSO-d 6 ): δ, 166.3 (C-1), 52.8 (C-3), 66.7 (C-4), 36.5 (C-5), 55.7 (C-6), 168.4 (C-7), 55.1 (C-9), 41.9 (C-10), 23.9 (C-11), 22.7 (C-12), 21.5 (C-13). (5) 1 H NMR (500 MHz, DMSO-d 6 ): δ 3.48 (1H, dd, J=4. 5, 12.4 Hz, , 3.21 (1H, brd, 12.4, H-3b) , 4.27 (1H, m, H-4), 1.92 (1H, ddd, 4.3, 10.7, 13 .0, H-5a), 2.01 (1H, brdd, 6.8, 13.1, H-5b), 4.38 (1H, brdd, 6.8, 11 .0, H-6), 4.04 (1H, brt, 6.0, H-9), 1.76 (1H, ddd, 4.9, 8.2, 13.5, H-10a) , 1.34 (1H, ddd, 5.6, 7.3, 13.4 , H-10b), 1.87 (1H, m, H-11), 0.86 (3H, d, 6.4, H-12), 0.85 (3H, d, 6.4, H-13) , 5.06 (1H, brd, 2.7, 4-OH), 7.96 (1H, brs, NH). 13 C NMR (125 MHz, DMSO-d 6 ): δ, 166.6 (C-1), 53.7 (C-3), 67.1 (C-4), 36.6 (C-5), 57.0 (C-6), 170.6 (C-7), 52.5 (C-9), 37.7 (C-10), 24.0 (C-11), 22.7 (C-12), 21.9 (C-13).
Acidic hydrolysis of

cyclo-(L-leucyl-trans-4-hydroxy-L-proline)
cyclo-(L-phenylalanyl-cis-4-hydroxy-D-proline) (6) 1 H-NMR (500 MHz, DMSO-d 6 ): δ 3.43 (1H, dd, J=3.7, 12.0 Hz, , 3.16 (1H, dd, 5.7, 12 .0, H-3b), 4.11 (1H, m, H-4), 1.83 (1H, dddd, 0.8, 5.0, 7.8, 12.8, 2.11 (1H, ddd, 5.6, 8.6, 13.0, 3.17 (1H, t, 8.2, 3.97 (1H, m, 3.01 (1H, dd, 6.4, 13.5, 2.90 (1H, dd, 5.2, 13.5, 7.14 (2H, dd, 3.0, 8.0, 7.28 (2H, m, 7.27 (1H, m, 4.96 (1H, d, 4.0, 8.11 (1H, d, 4.1, NH) . 13 C NMR (125 MHz, DMSO-d 6 ): δ, 165.0 (C-1), 52.7 (C-3), 66.5 (C-4), 36.8 (C-5), 55.4 (C-6), 168.1 (C-7), 57.8 (C-9), 39.2 (C-10), 136.2 (C-1'), 129.6 (C-2'), 128.2 (C-3'), 126.7 (C-4' 
